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1 Background 
The objectives of the New WI “NR mobility enhancements” [1] specify to consider the following aspects 
Note: The following aspects should be considered in above objectives.
- Inter and intra frequency handover/SCG change
- Inter-CU, intra-CU/inter-DU and intra-DU handover/SCG change
In this document, we discuss the user plane changes required to minimize mobility interruption time during both Intra-CU and Inter-CU MBB HO.
2 Discussion
Intra-CU handover is the scenario where the UE moves between the cells under the same CU. That is, the PDCP anchor is not changing during an Intra-CU handover. However, during an Inter-CU handover, the UE moves from a source cell connected to a source CU to a target cell connected to a target CU. That is the PDCP anchor is changing and the UE receives security key information for the target cell.
In NR Rel.15 regular Handover, on receiving the HO message, the UE detaches from source cell and stops data transmission on the source cell while synchronizing to the target cell. Below is the text from Section 9.2.3.1 of [2] on the L2 handling during handover.
The handover mechanism triggered by RRC requires the UE at least to reset the MAC entity and re-establish RLC. RRC managed handovers with and without PDCP entity re-establishment are both supported. For DRBs using RLC AM mode, PDCP can either be re-established together with a security key change or initiate a data recovery procedure without a key change. For DRBs using RLC UM mode and for SRBs, PDCP can either be re-established together with a security key change or remain as it is without a key change.
Thus, in Rel.15 HO, UE must reset MAC/RLC entity for any handover and re-establish the PDCP entity for Inter-CU handover. 
[bookmark: _Ref535308766][bookmark: _Ref535492080]Observation 1. MAC and RLC entities are reset during a Rel.15 handover. 
[bookmark: _Ref535308770][bookmark: _Ref535492087]Observation 2. PDCP entity is re-established during a Rel.15 Inter-CU Handover due to PDCP Anchor change, i.e. security key change.
User plane Radio Protocol Architecture 
[bookmark: _Hlk536803031][bookmark: _Hlk535400564]Make-before-break (MBB) HO is one of the solutions to minimize the mobility interruption time as part of the New WI “NR mobility enhancements” [1]. The Rel.15 L2 entity reset/reestablishment behaviour during HO is not suitable for MBB HO, as switching the same L2 entities between two connections could result in additional interruption. Thus, it is essential to discuss the user plane radio protocol architecture during the multiple phases of MBB HO. Figure 1 , Figure 2 show the user plane radio protocol architecture during the different steps of an Intra-CU MBB HO and Inter-CU MBB HO respectively. 


[bookmark: _Ref535307658] Figure 1 User Plane Radio Protocol Architecture during Intra-CU MBB HO


[bookmark: _Ref535307661]Figure 2 User Plane Radio Protocol Architecture during Inter-CU MBB HO
[bookmark: _Ref535400614][bookmark: _Ref535492096][bookmark: _Ref535308781]Observation 3. Resetting the L2 (MAC/RLC/PDCP) entities according to the Rel.15 procedures results in >0ms mobility interruption during MBB HO.
[bookmark: _Ref535492105]Proposal 1. RAN2 should discuss and include the user plane radio protocol architecture and L2 handling to support 0ms mobility interruption during MBB HO in the specifications. 
MAC/RLC handling 
UE has to support the MAC/RLC handling as described below and illustrated in Figure 1 and Figure 2 during the different steps of the MBB HO. 
· Step 1: Target cell connection setup execution 
· UE maintains the source cell connection for user data tx/rx even when performing RACH over target cell to establish the target cell connection during MBB HO. 
· Thus, UE maintains the source MAC/RLC entities while performing RACH on the target. UE sets up new MAC/RLC entities for the SRBs/DRBs established on the target connection.
· Step 2: Target cell connection setup complete 
· Even after the target cell connection setup is complete, UE has to maintain the source cell connection until the source cell connection is explicitly released, as described in our companion paper on control plane procedures for MBB HO [3].
· Thus, UE maintains the source MAC/RLC entities simultaneously with the target MAC/RLC entities and support simultaneous data reception on both connections.
· Step 3: Source cell connection release complete 
· UE releases the source MAC/RLC entities when the source connection is released after MBB HO completion
[bookmark: _Ref535308785]Proposal 2. UE establishes separate MAC/RLC entities for the DRBs associated with the target connection while maintaining the MAC/RLC entities for the DRBs associated with the source connection during MBB HO.
PDCP handling 
As shown in step 2 of Figure 1 and Figure 2,  after the target cell connection setup is complete, we think that similar to a traditional handover the UE data tx/rx can be switched to the target cell connection. That is, the UE switches UL data tx to the target cell after successful RACH on target cell and the source cell performs DL data forwarding procedures with the target cell as described in [3].
However, there could be a transient time during which UE may receive DL data on both source and target connections simultaneously during MBB HO. This could happen if the source cell retransmits the PDUs not Acked by RLC or duplicates the PDCP PDUs sent to the target gNB to reduce delays. Also, these packets could be ciphered with different set of security keys in case of an Inter-CU HO, where the security keys used by source CU would be different from the security keys used by the target CU. 
Thus, there is a need to discuss and address these two PDCP layer issues to support delivering a single set of PDCP SDUs to the upper layers during MBB HO
· [bookmark: _Hlk535312381]Reordering/duplicate discarding for PDCP PDUs received simultaneously 
· Deciphering/integrity verification using the right set of security keys for PDCP PDUs received simultaneously
From Figure 1 and Figure 2, it can be seen that we are proposing to have a common PDCP entity on the UE rather than separate PDCP entities for the two connections during MBB HO. 
[bookmark: _Ref536368659]Observation 4. Supporting a common PDCP entity for the two connections during MBB HO is beneficial, rather than two separate PDCP entities active simultaneously, due to the below aspects:
· Reordering and duplicate discarding has to be common for each DRB across the source and target cell connections to deliver a single set of PDCP SDUs to the upper layers. Thus, having two separate PDCP entities and coordinating across these entities through another layer would be complex compared to a common entity handling this. 
· [bookmark: _Ref535317523]Considering that a common PDCP reordering and duplicate discarding entity is beneficial, having a common PDCP entity for deciphering/integrity verification is simpler. This would eliminate the need for additional changes to the PDCP layer to separate the security handling and then define interactions between the separate PDCP security entities and the common reordering/duplicate discarding entity.

[bookmark: _Ref536368755]Proposal 3. UE supports a common PDCP entity for the bearers across the source and target connection during MBB HO until the source connection is released.
As the Common PDCP security entity can receive packets on both connections simultaneously during an MBB HO, the UE should not reset the security key information with the target cell security key information on receiving a HO command. Instead, the UE has to maintain both source gNB and target gNB security key information and apply different security key information (source cell keys or target cell keys respectively) for data sent or received on the different logical channels associated with the source cell and target cell. 

[bookmark: _Ref535317532][bookmark: _Ref535492139]Proposal 4. Common PDCP entity in the UE maintains both source cell security key information and target cell security key information until the source connection is released during an Inter-CU MBB HO.
[bookmark: _Ref535317528][bookmark: _Ref535492143]Proposal 5. Common PDCP entity in the UE applies different security key information (source cell keys or target cell keys respectively) for data sent or received on the different logical channels associated with the source cell group and the target cell group during an Inter-CU MBB HO.
Bearer Type support 
As MBB HO requires simultaneous connectivity with both source and target cell connections, similar to dual connectivity, there could be some ambiguity on the type of bearers supported during MBB HO. We think that MBB HO is primarily considered to reduce the mobility interruption time and the impact on service interruption time rather than to improve the service throughput.  Also, simultaneous connections during MBB HO would be maintained for a shorter time than a typical Dual connectivity scenario. Thus, we think it is sufficient to support non-split radio bearers during MBB HO instead of introducing additional complexity through split bearer support during MBB HO.  
Conditional Handover is one of the solutions proposed for Mobility robustness improvement, and, is a better option to improve the HO signaling reliability than to introduce additional complexity through split SRBs during MBB HO.
[bookmark: _Ref535492109][bookmark: _Ref535317504]Observation 5. Simultaneous connectivity is a temporary state in an MBB HO than a typical Dual connectivity scenario. 
[bookmark: _Ref535492113]Observation 6. Supporting split bearers (i.e. radio bearers with RLC bearers both in source cell and target cell) introduces additional complexity for MBB HO and does not provide much benefit.
[bookmark: _Ref535492127]Proposal 6. Support only non-split SRBs/DRBs (i.e. radio bearers with RLC bearers either in source cell or target cell only and associated with the corresponding PDCP entity) while maintaining simultaneous connectivity with source cell and target cell during MBB HO.
3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. MAC and RLC entities are reset during a Rel.15 handover.
Observation 2. PDCP entity is re-established during a Rel.15 Inter-CU Handover due to PDCP Anchor change, i.e. security key change.
Observation 3. Resetting the L2 (MAC/RLC/PDCP) entities according to the Rel.15 procedures results in >0ms mobility interruption during MBB HO.
Observation 4. Supporting a common PDCP entity for the two connections during MBB HO is beneficial, rather than two separate PDCP entities active simultaneously, due to the below aspects:
· Reordering and duplicate discarding has to be common for each DRB across the source and target cell connections to deliver a single set of PDCP SDUs to the upper layers. Thus, having two separate PDCP entities and coordinating across these entities through another layer would be complex compared to a common entity handling this. 
· Considering that a common PDCP reordering and duplicate discarding entity is beneficial, having a common PDCP entity for deciphering/integrity verification is simpler. This would eliminate the need for additional changes to the PDCP layer to separate the security handling and then define interactions between the separate PDCP security entities and the common reordering/duplicate discarding entity.
Observation 5. Simultaneous connectivity is a temporary state in an MBB HO than a typical Dual connectivity scenario.
Observation 6. Supporting split bearers (i.e. radio bearers with RLC bearers both in source cell and target cell) introduces additional complexity for MBB HO and does not provide much benefit.
Proposal 1. RAN2 should discuss and include the user plane radio protocol architecture and L2 handling to support 0ms mobility interruption during MBB HO in the specifications.
Proposal 2. UE establishes separate MAC/RLC entities for the DRBs associated with the target connection while maintaining the MAC/RLC entities for the DRBs associated with the source connection during MBB HO.
Proposal 3. UE supports a common PDCP entity for the bearers across the source and target connection during MBB HO until the source connection is released. 
Proposal 4. Common PDCP entity in the UE maintains both source cell security key information and target cell security key information until the source connection is released during an Inter-CU MBB HO.
Proposal 5. Common PDCP entity in the UE applies different security key information (source cell keys or target cell keys respectively) for data sent or received on the different logical channels associated with the source cell group and the target cell group during an Inter-CU MBB HO.
Proposal 6. Support only non-split SRBs/DRBs (i.e. radio bearers with RLC bearers either in source cell or target cell only and associated with the corresponding PDCP entity) while maintaining simultaneous connectivity with source cell and target cell during MBB HO. 
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